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CI  fcFTER  I 

OTCTION 

Statement  of  the  Economic  Problem 

Even  though  the  vegetable  processing  industry  is  of  minor  importance  to 
the  U.S.  agriculture  —  it  contributes  only  five  per  cent  to  the  national 
farm  income  —  it  exhibits  numerous  characteristics  which  make  a  study  of 
its  economic  relationships  valuable  to  farmers  as  well  as  to  processors. 

The  change  in  the  eating  pattern  of  the  population,  observed  since  the 
end  of  World  war  II, -consisted,  in  the  case  of  the  vegetable  consumption,  in 
a  substitution  of  processed  for  fresh  vegetables.  As  is  evidenced  by  Table  1, 
the  increased  per  capita  consumption  of  tomatoes  in  processed  form  during  the 
period  1950  'to  19^5  was  not  due  only  to  the  substitution  for  fresh  tomatoes 
but  also  to  an  absolute  increase  in  the  per  capita  consumption  of  processed 
tomatoes.  The  increase  in  per  capita  consumption  was  greatest  for  the  more 
concentrated  products  like  catsup  and  sauce,  whereas  the  per  capita  consump- 
tion of  canned  whole  tomatoes,  puree  and  juice  remained  relatively  constant 
from  1950  to  I965. 

The  increased  demand  for  processed  tomato  products  and  the  changing 
structure  of  retail  markets  -  characterized  by  the  increased  importance  of 
chain  stores  and  their  demand  for  large  quantities  of  uniform  products  - 
brought  about  significant  changes  in  the  tomato  processing  industry.  The 
nest  important  changes  in  this  industry,  which  ranks  first  within  the  vege- 
table processing  industry,  are  (l)  a  reduction  of  the  number  of  processing 
plants,  (2)  increased  plant  capacity,  (3)  increased  output  per  plant,  (•'-:•) 
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increased  grower-processor  integration,  and  (5)  increased  product  differen- 
tiation for  the  firms  remaining  in  business ,±J 

At  the  farm  level  the  increased  utilization  of  tomatoes  for  processing 
appears  to  be  the  stimulating  factor  toward  concentration  and  specialization 
in  the  production  of  processing  tomatoes.   Increased  concentration  has  been 
brought  about,  on  the  one  hand,  by  a  shift  of  the  production  into  the  most 
favored  production  regions  (California)  and,  on  the  other  hand,  by  a  decrease 
of  the  number  of  vegetable  farms  accompanied  by  an  increase  in  the  average 
size  of  these  farms ,=J 

Given  the  considerable  increase  in  the  total  demand  for  processed  tomato 
products^/ and  assuming  that  the  tomato  processing  industry  operates  under 
conditions  of  perfect  competition-^  one  expects  to  observe,  according  to  the 
theoretical  concept  of  an  increasing  cost  industry,  existing  plants  increas- 
ing their  capacity  of  production,  new  firms  entering  the  industry,  and  rising 
product  prices,  assuming  of  course  that  all  other  things  remain  constant. 

it  is  obvious,  however,  that  this  last  assumption  does  not  hold  if  one 
recalls  the  summary  given  above  of  the  structural  changes  experienced  by  the 
industry. 


— '  Organization  and  Competition  in  the  Fruit  and  Vegetable  Industry. 
Technical  Study  4.  National  Commission  on  Food  Marketing.  June,  i960,  p.  33, 
bee  also  Tables  ?-3  and  7-4  on  p.  76. 

l/lbid.,  p.  13.  See  also  Table  1-12,  p.  11. 

•^ Total  civilian  consumption  increased  by  60  per  cent  from  I95O  to  I965. 

— '  10  what  extent  one  assumption  of  perfect  competition  is  justified  for 
the  tomato  processing  industry  will  be  discussed  in  the  following  section. 


The  shift  of  processing  tomato  production  into  more  favored  production 
regions  combined  with  the  application  of  new  technology  leads  to  either  an 
absolute  or  at  least  a  relative  decrease,  in  the  price  paid  by  the  proces- 
sors in  these  regions  for  the  raw  product.  Since  long  distance  shipments  do 
not  occur  in  this  industry^-'  firms  located  in  marginal  production  areas  with 
higher  raw  product  prices  will  have  a  competitive  disadvantage  relative  to 
their  concurrents  enjoying  lower  prices  for  processing  tomatoes.  Ccsequen- 
tly  the  former  firms  will  have  to  leave  the  industry;  a  situation  which  is 
not  compatible  with  the  theoretical  concept  of  an  expanding  industry. 

In  aggregating  the  prices  for  processing  tomatoes  over  the  main  produc- 
tion regions,  as  was  done  in  this  study,  one  realizes  that  the  relative 
decrease  of  raw  product  prices  in  some  areas  holds  the  increase  of  the  aggre- 
gated raw  product  price  below  the  theoretically  expected  increase.  The  theo- 
retical concept,  however,  does  not  take  into  account  any  structural  shifts 
at  all. 

From  the  discussion  in  this  section  we  can  still  derive  another  charac- 
teristic of  the  industry,  namely: 

"...that  the  firms  are  less  concerned  with  market  proximity 
for  finished  products  than  with  the  capability  of  producing  areas 
to  provide  adequate  supplies  of  low  cost  raw  materials.—' 

Three  reasons  among  others  can  be  given  for  the  firms  decision  to  locate 

their  processing  plants  in  the  production  areas: 

(i)  Transportation  of  processed  tomatoes  involves  neither  major 


-^Shipments  of  processing  tomatoes  over  distances  exceeding  200  miles 
do  generally  not  occur,  loc.  cit. ,  p.  190,  Table  ?-!?. 

6/ 

— '  "National  Commission  on  Food  Marketing."  o£.  cit. ,  t>.  13. 


costs  nor  problems  .•  •*    This  leaves  the  firms  with  considerable 
freedom  in  selecting  plant  location. 

(2)  In  order  to  secure  a  high  quality  product,  the  highly  perish- 
able crop  has  to  be  processed  as  soon  as  possible  after 
harvesting . 

(3)  Shorter  hauling  distances  reduce  the  transportation  costs  of 
the  highly  watery  tomatoes. 

Practically  all  processing  tomatoes  are  produced  under  contract.  The 
industry  has  therefore  the  possibility  to  influence  the  supply  of  the  raw 
product  by  setting  its  price.  In  trying  to  maximize  profits  the  finis  under 
assumed  perfect  competition  will  bid  up  the  prices  for  processing  tomatoes 
up  to  the  point  where  it  is  equal  to  the  value  of  the  marginal  product;  in 
mathematical  terms  up  to  the  point  where 


p  =  v>       •  MPP 
^a   -x       a 

where     pa  =  contract  price  for  processing  tomatoes 

px  =  aggregated  product  price  for  processed  tomato  products 
!-lp?a  =  marginal  physical  product  for  tomato  processing. 
The  effect  of  contract  production  is  that  the  quantity  produced  does 
not  determine  the  farm  price  but  that  the  contract  price  offered  determines 
to  a  considerable  extent  the  quantity  produced. 

The  market  for  the  finished  products  is  less  complex  than  the  raw  pro- 
duct market;  quantity  consumed  and  quantity  supplied  determine  the  going 
retail  price. 


7/ 

■'-'"National  Commission  on  Food  Marketing".     ojj>.   cit . ,   p.   13. 


As  can  be  seen  from  Figure  1,  supply  fluctuates  considerably,  while 
and  for  processed  tomatoes  is  increasing  rather  continuously.  Stocks 
therefore,  play  an  important  role  in  balancing  out  supply  and  demand. 

Since  the  processors  have  the  possibility  of  influencing  the  supply 
of  the  raw  product  considerably,  they  will  do  so  in  attempting  to  equalize 
demand  and  supply.  Supply,  however,  consists  not  only  in  current  production 
but  also  in  carryover  stocks. 

The  hypothesis  of  this  report,  therefore,  is  that  demand  and  supply  at 
the  farm  level  as  well  as  demand  and  supply  at  the  retail  level  are  deter- 
mined simultaneously. 

Structural  Characteristics  of  the  Tomato  Processing  Industry. 

The  climatic  conditions  in  the  United  States  are  such  that  tomatoes 
could  be  grown  practically  all  over  the  United  States.  There  are,  however, 
few  important  producing  areas,  among  which  California  ranks  first,  supplying 
over  5C  per  cent  of  total  U.S.  output.  Following  California  are  Ohio,  New 

Jersey,  and  Indiana,  which  in  19&5  supplied  12,  7,  and  7  per  cent  of  total 

8/ 
U.S.  output  respectively.—' 

As  we  pointed  out  already,  the  firms  locate  their  processing  plants  in 
areas  of  highest  product  concentration,  procuring  virtually  all  of  the  pro- 
cessing crop  within  a  30  mile  radius  of  the  plant.  The  buyer  concentration 
in  the  local  market  for  processing  tomatoes  is  therefore  relatively  high. 

As  P.O.  Eelmberger  and  S.  Hoes  specify,^./  this  situation  does  not  lead 


--•'American  Tomato  Yearbook,  i960,  p.  21. 

-£/p.G.  Eelmberger  and  3.  I.oos  :  "The  Vegetable  Processing  Industry"  in 

J koore  and  R.G.  Walsh:   r.rket  Structure  of  the  Agricultural  I"  wastries, 

I966.  ~~~~ 


Figure  1.     Production  of  Processing  Tomatoes  and  Consumption  of  Processed 
Tomatoes   (Fresh  Equivalent  Basis),   195C  -  19^5 • 
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to  monopsonistic  market  conduct.  On  the  contrary  the  authors  show  that  the 
industry's  conduct  is  of  the  type  of  "competitive  barometric  price  leader- 
ship,!,  which  means  that  the  farmers  set  prices  comparable  to  those  th 
would  probably  obtain  if  they  sold  their  products  in  a  competitive  market. 
On  the  other  hand,  the  processors  sell  the  different  tomato  products  in  a 
market  which  is  essentially  national  in  scope.  According  to  helmberger  and 
Eoos  this  market  is  a  competitive  one  as  well.  From  this  we  can  draw  the 
conclusion,  that  the  assumption  of  perfect  competition  in  the  tomato  canning 
industry  which  we  made  in  the  previous  section  can  be  justified. 

Prior  to  turning  our  attention  to  the  development  of  the  economic  model, 
a  brief  discussion  of  grower-processor  integration  is  needed.  3y  definition 
grower-processor  integration  is  "...  the  linking  —  "by  contract  or  otherwise 
—  of  certain  activities  and  decisions  of  growers  and  processors,  so  that 
either  or  both  relinquish  some  of  their  rights  in  producing  and  marketing 
their  products."—'  The  effect  of  this  is  that  certain  production  and  m     - 
keting  activities  on  which  individual  firms  would  otherwise  make  independent 
managerial  decisions  become  integrated  under  single  or  eventually  joint 
decision-making.  Thus,  each  firm  does  not  strive  directly  for  its  own  profit 
objectives;  its  actions  are  constrained  by  a  new  profit  goal  which  must 
compromise  the  income  objectives  of  all  the  participants. 

In  the  case  of  the  tomato  processing  industry  grower-processor  integra- 
tion takes  the  form,  of  forward  buying.  The  major  advantage  of  contract  pro- 
duction is  that  it  reduces  uncertainty  of  supply  and  demand  at  harvest  time.— 


10/ 

■=—'-..  Collins,  W.F.  Mueller,  E.M.  Birch:  "Grower-Processor  Integration. 

A  Study  of  Vertical  Integration  Between  Growers  and  Processors  of  Tomatoes  in 
'ornia".  Calif.  Agr.  Expt.  Stat.  Bui.  768,  October  1959,  P.  fc. 

11/  , 

—  For  a  more  detailed  discussion  of  grower-processor  integration  see  N. 

Collins  et  al.  ibid. ,  pp.  5^— 60 .  See  also  Kelmberger  &  Eoos  op.  cit. ,  p:>.i70- 
172. 


Since  the  assumption  will  be  made  that  all  tomatoes  for  processing  are 
procured  through  forward  buying,  this  paragraph  investigates  to  what  extent 
this  assumption  is  justified.  In  their  article,  Collins  et  al.  estimate, 
that  since  World  War  II  less  than  10  per  cent  of  the  tonnage  each  year  has 
been  grown  on  open  acreage  .^r./  They  also  show  that  as  soon  as  contract 
production  is  introduced  in  a  production  area,  1!open  market"  production 
declines  rapidly  to  an  insignificant  amount.  For  this  latter  statement 
empirical  evidence  can  be  found  in  J.  V.  Cain  and  I;.  E.  Hutchinson's  analy- 
sis.—'   From  Table  ^  in  that  publication  it  can  be  seen  that  contract  pro- 
duction in  Maryland  and  Delaware  increased  from  33  per  cent  in  1950  to  50 
per  cent  in  19^2,  whereas  open  market  purchases  accounted  for  approximately 
12  per  cent  during  this  period. 

Except  for  Texas,  Virginia,  and  Maryland,  states  in  which  the  fresh 
market  is  competing  with  the  processing  outlet,  open  market  purchases  do  not 
exceed  10  per  cent  of  total  tomato  purchases.^/  Considering  the  fact  that 
these  three  states  provide  less  than  five  per  cent  of  the  total  U.S.  pack  of 
canned  tomatoes  one  can  say  that  the  assumption  concerning  forward  buying 'is 


ip/ 

— '  National  Commission  on  Food  Marketing  showed  that  in  1964  canners 
obtained  only  15  per  cent  of  their  raw  product  supplies  of  fruits  and  vege- 
tables from  the.  open  market;  op_.  cit. ,  p,  185,  Table  7-12. 

-jo/ 

-2JJ.V.  Cain  and  M.S.  Hutchinson:  An  Analysis  of  Structural  Changes  in 
the  Maryland-Delaware  i'ruit  and  Vegetable  Industry  1950-1962.  Maryland  Agr. 
Expt.  Stat,  ia.se.  Pub.  550,  October  I965,  p.  8. 

1  h  I         __ 
_— 'For  JLLlindis,  R.A.  Kelly  indicates  that  in  1953,  Q5   per  cent  of 

total  tomato  acreage  was  contracted,  and  only  3  per  cent  grown  for  ooen 

ket.   "The  Vegetable  Canning  Industry  in  Illinois".  111.  Agr.  Expt.  Stat. 

Bui.  612,  1957,  PP.  4-5- 
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reasonably  well  net. 

tfith  this  sketchy  information  about  the  tomato  canning  industry  in 
mind,  we  shall  develop  an  econometric  model  of  this  industry  in  the  next 

chapter . 

Objectives  and  Procedures  of  this  Report 

As  mentioned  earlier  the  objective  of  this  study  is  to  support  - 
through  econometric  analysis  -  the  hypothesis  that  the  quantity  demanded  and 
supplied  as  well  as  the  respective  prices  at  the  farm  and  at  the  retail  level 
are  simultaneously  determined  in  the  tomato  processing  industry. 

A  five  equation  model  of  the  relationships  at  work  in  this  industry 
i-rill  be  developed  but  since  no  data  were  available  for  one  of  the  variables 
included  in  this  model,  a  reduced  four  equation  model  will  be  estimated. 
The  four  equations  consist  of  the  respective  supply  and  demand  equations  for 
the  farm  and  retail  level. 

In  order  to  test  the  hypothesis,  the  four  equation  model  will  be  esti- 
mated first,  whereas  in  a  second  step  the  quantity  demanded,  the  quantity 
supplied,  and  the  prices  will  be  considered  as  being  determined  simultaneous- 
ly at  their  respective  level,   The  assumption  in  this  case  is  that  no  rela- 
tionships exist  between  the  raw  product  market  and  the  market  of  the  fin- 
ished products.  The  correlation  and  regression  coefficients  obtained  by  the 
two  approaches  will  then  be  compared.  A  better  fit  for  the  four  equation 
model  would  support  our  hypothesis  that  simultaneous  relationships  exist 
between  the  raw  product  market  and  the  market  for  processed  tomatoes. 

Since  all  equations  are  overidentified  in  either  case,  they  have  to  be 
estimated  by  the  two  stage  least  square  method  using  reduced  form  equations 
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for  the  first  stage.  The  statistical  results  will  be  interpreted  for  both 
stages  and  for  both  cases  under  investigation,  also,  a  check  will  be  inade 
to  see  if  the  assumption  concerning  serial  correlation  of  the  residuals  is 
net  or  not. 

Finally,  suggestions  mil  be  made  as  to  how  the  results  may  be  im- 
proved by  using  a  somewhat  modified  model. 

Literature  Review 

The  present  report  is  based  mainly  on  Shuffet's  article,  "The  Demand 
and  Price  Structure  for  Selected  Vegetables."^/  in  which  the  demand  for 
canned  tomatoes  at  the  retail  level  was  estimated  by  a  single  equation  model. 
Shuff et  also  describes  an  eight  equation  model  which  he  believes  would 
explain  the  relevant  relationships  at  work  in  the  tomato  processing  indus- 
try. The  statistical  fitting  of  this  model,  however,  was  impossible  because 
of  the  lack  of  necessary  data.  The  flow  charts  for  tomatoes  and  green  peas 
developed  in  this  article  were  of  considerable  value  to  the  author  of  the 
present  report.  The  chart  shown  in  Figure  2  is  a  modification  of  the  charts 
presented  in  3huffet:s  article. 

The  author  found  no  other  studies  dealing  with  a  similar  econometric 
analysis  of  the  tomato  processing  industry.  Host  available  studies  are  des- 
criptive studies  of  the  market  structure.  A  few  studies,  however,  estimated 
demand,  income  or  price  elasticities.  Among  the  latter,  a  study  cited  by 
Helmberger  and  Hoos— zJ   which  estimates  supply  relationships  for  processed 


t- 1 


Shuff et:  "The  Demand  and  Price  Structure  for  Selected  Vegeta- 
bles." USDA  Techn.  Bui.  1105,  December  195^. 

-i  t  i 

~' Helmberger  &  hoos  c_p_.  cit. ,  p.  166. 
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tomatoes  in  Wisconsin,  should  be  mentioned. 

'There  are  a  number  of  publications  concerned  with  the  description  of 
the  structural  changes  in  the  vegetable  processing  industry  during  the  post- 
war period.  Much  useful  information  about  the  tomato  processing  industry 
can  be  found  in  these  publications.  The  most  recent  among  these  is  the  study 
of  the  National  Commission  on  Food  liarketing  on  the  "Organization  and  Compe- 
tition in  the  Fruit  and  Vegetable  Industry".  Collins  et  al.-iX/ present  a 
very  detailed  analysis  of  the  market  structure  of  the  Californian  tomato 
canning  industry.  A  host  of  minor  publications  deal  with  the  market  struc- 
ture in  various  tomato  producing  states.  Reference  is  made  at  this  point  to 
the  bibliography  which  contains  not  only  the  publications  cited  in  this 
report  but  also  those  which  are  closely  related  to  the  subject  matter,  but 
which  were  not  available  to  the  author  at  this  time. 


1?/ 


See  footnote  10. 
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CHAPTER  II 
ECONOMIC  MODEL  OF  TEE  TOMATO  PROCESSING  INDUSTRY 

The  model  which  will  be  developed  in  this  chapter  is  one  of  the  aggre- 
gated tomato  processing  industry.  Since  data  are  available  only  for  some 
of  the  included  variables,  it  will  be  reformulated  so  that  it  can  be  esti- 
mated approximately  by  using  proxy  variables.  As  a  result,  what  is  said  in 
developing  the  economic  model  may  not  always  seem  consistent  with  what  will 
be  done  when  setting  up  the  statistic  1  model. 

The  model  is  based  on  the  flow  chart  which  is  shown  in  Figure  2  and 
which  is  believed  to  .indicate  the  most  relevant  variables  affecting  the 
industry  under  investigation. 

The  Economic  --10061  of  the  Aggregated  Industry 

The  Demand  for  Processing  Tomatoes.  There  exists  only  one  major  source 

of  demand  for  processing  "tomatoes:  the  processing  industry  itself.  This 

demand,  however,  originates  from  some  other,  external  sources  of  demand. 

Hence,  the  demand  for  processing  tomatoes  has  to  be  considered  as  a  derived 

demand.  According  to  Collins,  et  al.  ,;=£/ 

"The  demand  for  processing  tomatoes  at  the  farm  level  is  far 
removed  in  complexity  from  the  simple  demand  function  of  elementary 
economic  theory.  The  latter  concept  is  a  sinple  reversible  relation 
between  the  price  of  the  product  and  the  quantity  the  buyer  is 


1  o  / 

±E/Ki  Collins,  et  al.,  cp_.  cit. ,  p.  10. 
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willing  to  purchase.   It  is  assumed  that  the  c0m.0ci.it7  in 
question  is  demanded  by  similar  buyers  who  intend  to  use  if 
for  similar  purposes.  In  fact,  processing  firms  in  Cali- 
fornia use  tomatoes  in  the  production  of  a  wide  variety  of 
final  and  semi-finished  products;  in  addition,  there  is 
some  interaction  between  tomatoes  for  processing  and  those 
for  the  fresh  market.  The  demand  for  raw  tomatoes  in  Cal- 
ifornia is  complicated  further  by  the  fact  that  California 
processing  firms  are  selling  their  products  in  a  national 
market.   Thus  these  firms  have  to  compete  with  those  in 
other  major  production  areas,  and  that  competition  is 
translated  back  to  the  farm  level  in  this  state." 

it  was  already  pointed  out,  that  the  southern  tomato  producing  states 

are  the  areas  where  the  market  for  fresh  tomatoes  competes  heavily  with  the 

processing  outlet.  A  third  though  minor  "outlet"  consists  in  that  part  of 

the  crop  which  is  abandoned  every  year. 

13/ 

Shuiietii'  suggests  a  set  of  eig  ■  simultaneous  equations  for  the  esti- 
mation of  the  elasticities  in  the  tomato  processing  industry.  He  feels  that 
such  a  system  is  apparently  needed  to  represent  the  economic  relationships  in 
this  industry  which  result  from  the  dual  outlet  for  the  crop,  i.e.,  the  fresh 
and  processing  markets. 

As  mentioned  above,  the  assumption  is  made  that  all  processing  tomatoes 
are  procured  through  contracts.  This  is  equivalent  to  saying  that  there 
exists  only  one  outlet  for  processing  tomatoes.  The  limitations'  of  this 
assumption  have  already  been   appraised.  It  may  be  argued,  however,  that  in 
the  future  this  assumption  may  become  more  and  more  justified.  With  the  con- 
tinued specialization  and  concentration  of  production,  competition  between 
the  fresh  and  processing  outlets  will  decline.  New  culture!  practices  and 
especially  the  lack  of  marketing  facilities  for  the  competing  use  in 
specialized  areas  will,  to  an  increasing  extent  lead  to  a  separation  of  the 


—-'I.  Chuff  et,  op_.  cit. ,  p.  109. 
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two  markets. 

With  respect  to  nonharvesting  for  economic  reasons,  we  make  the  assump- 
tion that  it  car.  be  neglected.  The  data  presented  in  Table  2  show  that  non- 
harvesting  was  or  minor  importance  during  the  past  five  years. 


Table  2.  Nonharvesting  for  hcor.omic  Reasons  of  Processing 
Tomatoes,  I96I-I965 


1961  Planting  intentions  1.2$  less  than  harvested  acreage 

1962  Planting  intentions  k-M^  greater  than  harvested  acreage 

1963  Planting  intentions  6.6;s  greater  than  harvested  acreage 
l$6b  Planting  intentions  0.9$  greater  than  harvested  acreage 
i9o5  Planting  intentions  0.3$  less  than  harvested  acreage 

Source:  The  Almanac  of  the  Canning,  Freezing,  Preserving 
Industry;  Crop  Statistics. 

Demand  for  processing  tomatoes  is  relf ected  oy  the  offered  contract 

20/ 

price.  =zJ      Theoretically  processors  are  trilling  to  pay  a  raw  product  price 

(P.,  )  equal  to  their  marginal  physical  product  (MPPa  )  times  the  price  of 
the  final  product  (p,,  ) .  Since  the  retail  price  of  the  future  output  (ul,  ) 
is  not  yet  known,  it  is  assumed  that  processors  consider  the  going  retail 
price  (p,„  -■-_-;)  as  the  best  estimate  of  the  future  retail  price  (p„  ). 

This  theoretical  concept,  however,  is  nothing  but  a  rough  approximation . 
First,  it  implies  that  consumer  demand  is  the  major  source  of  demand,  an 
implication  which  is  not  entirely  warranted.  Rather,  there  are  several 


20  /-- 

zzJ Ixl  recent  years  grower-processor  contracts  in  California  do  not 

include  price  as  part  of  the  contract  term.  The  prices  are  determined 

through  later  negotiation  raider  the  aegis  of  bargaining  associations. 

National  Commission  on  Food  Marketing,  p_p_.  cit. ,  p.  189. 


Figure  2.  Demand  and  Price  Structure  of  Processing  Tomatoes. 
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sources  of  demand  for  processed  tonato  products:  consumers  demand,  demand 
of  institutions,  military  demand,  export  demand,  and  demand  of  other  food 
processing  industries.  These  different  sources  of  demand  can  at  certain 
times  h-s/z   a  jreat  influence  on  the  total  demand  for  processing  tomatoes 
without  shot-Ting  their  effects  in  retail  prices. 

In  addition,  several  other  factors  are  believed  to  influence  the  con- 
tract price  of  processing  tomatoes  January  stocks  are  considered  the  most 
important  of  these.  Assuming  consumption  of  tomato  products  to  be  constant, 
there  exists  a  positive  correlation  between  last  year's  production  and  the 
January  stocks.  If  last  year's  production  was  high  relative  to  the  quantity 
demanded,  January  stocks  will  be  high,  and  canners  in  an  attempt  to  reduce 
their  heavy  supplies,  will  offer  lower  contract  prices. 

But  January  stocks  reflect  not  only  last  year's  output  but  also  the  dis- 
appearance in  the  first  quarter  of  the  marketing  period.  Hence,  it  is 
believed  that  January  stocks  may  influence  the  contract  price  more  than  does 
last  year's  production  of  processed  tomatoes.  January  stocks  are  considered 
because  most  of  the  contracting  takes  place  around  January  and  February 
according  to  experiences  in  California  with  forward  buying.  However,  when 
demand  conditions  appear  to  warrant  a  large  crop,  contracting  may  begin  as 
early  as  October  and  November,  with  most  of  the  crop  being  contracted  .from 
December  through  February.  On  the  other  hand,  when  a  smaller  demand  is 
expected,  canners  may  contract  as  late  as  February  and  even  April. 

Other  tilings  being  equal,  the  demand  for  processing,  reflected  through 
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the  contract  price,  is  a  function  of  the  lagged  retail  priced'  and  of  the 
January  stocks  of  processed  tomato  products. 

.h:nply  of  i?rocessi-n~  -'onatoes.   Other  things  being  equal,  supply  in- 
creases if  the  price  of  a  commodity  increases. 

In  the  case  of  processing  tomatoes,  a  higher  contract  price  leads  to 
an  increased  contracted  acreage  which  will,  under  normal  conditions,  increase 
the  final  supply.  This  latter  relationship,  however,  is  relatively  weak  as 
if  evidenced  by  Figure  3.  Factors  such  as  cultural  practices  and  weather 
have  a  considerable  effect  on  the  yield  per  acre  and  thus  on  the  final  quan- 
tity supplied. 

in  appraising  Figures  3  and  k-   it  becomes  obvious  that  tremendous  struc- 
tural changes  have  occurred  in  the  production  of  processing  tomatoes.  Through 
the  introduction  of  new  cultural  techniques  and  through  important  shifts  in 
supply  areas,  the  yield  per  acre  increased  rapidly  in  the  period  under  inves- 
tigation . 

Assuming  a  constant  product  price,  one  would  expect  that  this  increased 
yield  per  acre  would  result  in  a  larger  output  from  the  same  bundle  of 
resources . 

Since  the  yield  per  acre  is  determined  not  only  by  technology  and 
weather,  but  also  by  economic  factors  (e.g.  amount  of  fertilizers  employed^-/) 
it  is  believed  that  the  only  variables  necessary  to  explain  the  quantity  of 
processing  tomatoes  supplied  "ay   growers  are  contract  price  and  yield. 


21/-.  •   a..   -, 

— 'it  xs.  one  laggec.  retail  price  with  respect  to  the  retail  price 

obtained  for  the  products  processed  from  the  crop  which  is  actually  contrac- 
ted. 

— 'In  196^,  only  29  per  cent  of  investigated  contracts  stated  obliga- 
tions concerning  fertilizer  use.  Compared  to  other  input  variables  growers 
had  the  greatest  flexibility  in  applying  fertilizers.  .National  Commission 
on  Food  Marketing,  o_o.  cit. ,  p.  18?. 
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•e  3.  Acreage,  Yield,  of  Tomatoes  for  Processing  in  the 

United  States,  1935  -  1965.  (Index:  1935  -  1939  -  100) 


,  Yield    p»r  Acre 


Production 
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Figure  k.     Acreage  Trend  of  Tomatoes  for  Processing  in  Certain 
Important  Producing  States. 
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-co:  American  Tomato  Yearbook,  1966,  p.  2?. 
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.  study  described  by  Helmberger  and  Hoos£2/  estimates  the  change  in 
acreage  with  respect  to  changes  in  farm  prices,  and  trend  as  a  measure  for 
increasing  yields.  As  an  additional  variable  it  includes  the  index  of 
prices  received  by  U.S.  farmers  for  all  crops  lagged  one  year.  It  allows 
for  the  grower's  possibility  of  substituting  any  other  crop  for  tomatoes  in 
his  rotation ,^J 

In  the  present  model  the  farm  price  for  fresh  tomatoes  lagged  one  year 
is  included  in  the  supply  equation  instead  of  the  index  of  prices  received 
by  farmers .  If  the  coefficient  of  this  variable  is  significantly  different 
from  zero  this  would  mean  that  tomato  growers  have  the  opportunity  of 
choosing  whether  to  grow  fresh  tomatoes  or  processing  tomatoes.  We  do  not 
expect,  however,  that  this  coefficient  is  significantly  different  from  zero 
since  we  assumed  no  competition  between  the  two  outlets.  An  insignificant 
regression  coefficient  would  support  this  assumption. 


22/ Helmberger  and  Hoos,  p_o.  cit. ,  p.  166. 


The  variables  of  the  discussed  equations  have  the  following  meaning 
and  their  coefficients  the  following  magnitude: 

x-  =  424.720  +  13.015XO  -  3,157.^  -  10.482 

*(3.18)    *(2.19)    *(4.68)    R2  =  0.74 

xi  =  planted  acreage  in  the  U.S.  from  1947-19^2 

xo  =  average  U.S.  price  received  by  farmers  for  processing  tomatoes 

Xo  =  index  of  prices  received  by  U.S.  farmers  for  ail  crops  lagged 
one  year  (1957-1959  =  100) 

:q;,  =  linear  trend  variable  indicating  sharply  rising  yields 

*    figures  in  brackets  are  t-valuesj  t.r~  qc     -.-=12  =  2.179 
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Furthermore,  we  do  not  think  that  a  cost  variable  must  be  included  in 
the  supply  equation.  When  setting  the  contract  price,  processors  have  to 
take  into  account  eventual  changes  in  production  costs.  Empirical  evidence 
for  this  is  given  by  the  fact  that  in  I96I  contract  prices  had  to  be  in- 
creased because  the  sign  up  of  contracts  was  slow,  are  to  concern  of  the 
growers  of  whether  or  not  enough  labor  would  be  available  at  harvest. M/ 

The  supply  of  processing  tomatoes  will  be  expressed  as  a  function  of 
the  contract  price,  the  average  yield  per  acre  and  the  lagged  farm  price  for 
fresh  tomatoes. 

At  this  point  we  have  to  mention  that,  when  interpreting  the  demand  and 
supply  elasticities  at  the  farm  level,  one  has  to  keep  in  mind  that  the  con- 
tract price  does  not  accurately  measure  the  returns  the  farmer  gets  for  his 
crop.  There  are  a  lot  of  nonprice  services  processors  grant  their  farmers 
preventing  an  exact  measurement  of  the  elasticities.  This  is  due  to  the 
fact  that  the  demand  and  supply  forcasts  rarely  turn  cut  to  be  accurate.  At 
harvest  time  nonprice  competition  devices  determine  the  "equilibrium  price" 
for  the  crop.  Among  others,  the  following  devices  are  the  most  commonly 
used  to  adjust  the  contract  price: 

-  variable  waiver  and  picking  box  rent 

-  variable  hauling  allowances 

-  variable  payment  tolerances  for  mold  and  worm  damages 

-  credits  and  other  nonprice  arrangements. 

A  study  of  the  National  Canners  Association  estimated  that  the  costs  of 
services  provided  'ay  canners  to  growers  of  processing  tomatoes  vary  from 


2.2/7- 


T  e  Vegetable  Situation  -  l-;-0,  April  1961. 
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$1.32  to  $3.97  Per  ton  among  regions.  The  yearly  variation  of  these  costs 
could  not  be  ascertained.;^./ 

Supoly  of  Processed  Tonatoes.  The  supply  of  processed  tomato  products 
comes  fror.i  three  sources:  domestic  production,  previous  stocks,  and  imports. 
If  imports  are  considered  to  be  of  minor  importance  and  ceteris  paribus 
conditions  assumed,  then  the  retail  price  for  current  production  is  a 
function  cf  current  output  and  of  carryover  stocks. 

As  was  mentioned  previously,  structural  changes  took  place  in  the 
canning  industry  during  the  time  period  under  investigation.  An  index  indi- 
cating the  technological  improvements  of  the  industry  would  be  preferable  to 
a  trend  variable.  Lack  of  such  an  index  made  the  use  of  a  trend  variable 
inevitable  in  order  to  account  for  these  structural  changes. 

In  order  to  justify  the  assumption  that  imports  are  of  minor  importance, 
Table  3  was  compiled  from  available  data.  It  shows  that  imports  varied  from 
1A  to  5.2  per  cent  of  total  production  from  1950  to  I965.  This  percentage 
is  considered  small  enough  to  permit  us  to  neglect  imports  as  a  source  of 
. supply 0 

The  retail  price  of  processed  tomatoes  is  therefore  specified  as  a  fun- 
ction of  current  supply,  carryover  stocks  and  trend. 

This  structural  equation  holds  under  ceteris  paribus  conditions  as  well 
as  under  conditions  of  perfect  competition.  This  latter  assumption,  however, 
does  not  hold  for  the  early  fifties  because  a  general  price  ceiling  policy 
was  pursued  by  the  U.S.  Government  which  was  also  applied  to  the  products  of 


-Jk   summary  report  on  the  economic  analysis  project.  The  structure 
.  ^genomic  .>irnificance  of  the  Canning  Industry.  National     ~h 
Association,  Division  of  Statistics  and  Economics,  September  1963,  p.  9. 


the  tomato  canning  industry  during  this  period. 


Table  3.  Imports  oi 

Processed  Tonato  Products 

1950-1964. 

Year 

Total 

Canned 

Paste 

Canned 

Paste 

Total 

Production 

Ton . 

Tom. 

Import 

103  tons 

10^  pounds 

per  cent  total  pr 

oduction 

canned 

-.."eight 

1950 

2,734 

73.2 

25.7 

1.9 

2.3 

4.2 

1951 

4,267 

54.8 

6.4 

0.9 

0.5 

1.4 

1952 

3,524 

60.4 

3.8 

1.2 

0.3 

1.5 

1953 

3,235 

58.7 

2.0 

1.3 

0.1 

1.4 

1954 

2,698 

77.7 

6.6 

2.0 

0.6 

2.6 

1955 

3.278 

82.9 

9.2 

1.8 

0.7 

2.5 

1956 

4,638 

94.8 

5.8 

1.4 

0.3 

1.7 

1957 

3,315 

89. 7 

4.7 

1.9 

0.3 

2.2 

1953 

4.287 

II8.9 

9.5 

1.9 

0.5 

2.4 

1959 

3,509 

96.1 

6.1 

1.9  - 

0.4 

2.3 

I960 

4,043 

126.3 

15.1 

2.2 

0.9 

3.1 

1961 

4,248 

148.1 

48.3 

2.4 

2.8 

5.2 

1  =  52 

5,377 

125.4 

24.0 

1.6 

1.1 

2.7 

1963 

4,071 

80.3 

15.6 

1.4 

0.9 

2.3 

1964 

4,561 

82.9 

15.4 

1.3 

0.8 

2.1 

Source: 

Agricultura 

1  Statis 

tics  1966 

.  Table  29 

1  n.  201. 

ATriA^i  fan  'Trm 

~  +  n 

Yearbook  I966,  p.  22. 


Demand  for  Processed  Tomato  Products.  The  different  sources  of  demand 
for  tomato  products  were  listed  in  the  section  dealing  with  the  demand  for 
processing  tomatoes  at  the  farm  level.  They  included:  domestic  civilian 
demand,  military  demand,  institutional  demand,  demand  of  other  food  processors 
which  use  tomato  products  as  inputs,  export  demand,  and  inventory  demand  of 
the  processors  themselves. 

Domestic  civilian  consumption  constitutes  by  far  the  mos-  Important 
source  of  demand.  Table  1  shows  the  major  tomato  products  available  to 


consigners  and  their  changing  relative  importance  in  the  diet  of  the  popula- 
tion from  1950  to  I965 •  Figure  1,  on  the  other  hand,  depicts  the  steadily 
increasing  civilian  consumption. 

One  expects  military  demand  to  fluctuate  since  it  is  subject  to  rapid 
changing  political  decisions  and  circumstances.  Daring  the  period  under  in- 
vestigation a  peak  occurred  in  is 51  when  approximately  20  per  cent  of  the 
total  U.S.  pack  was  purchased  by  military  agencies.  z3J 

..0  indications  could  be  found  indicating  the  relative  importance  of  the 
ins  titutional  demand . 

According  to  Collins,  et  al.  over  one-half  of  California's  production 
of  processed  tomatoes  in  1955  was  used  by  the  remanufacturing  industry  as 
ingredients  in  other  foods.  -2./ 

Catsup  and  paste  are  the  most  important  export  products,  whereas  canned 
whole  tomatoes  and  juice  are  exported  in  negligible  amounts  as  is  shown  in 
Table  4.  Total  exports  increased  from  two  per  cent  of  the  total  pack  in 
1950  to  ^-.5  per  cent  in  1957.  Since  then  exports  have  again  declined  to 
about  'a/o  per  cent  (I965).  This  decline  may  be  due  to  new  import  regulations 
issued  by  the  Canadian  Government,  since  Canada  is  the  main  importer  of 
tomato  products. 

The  "demand"  of  the  processing  industry  itself  consists  in  the  decision 
of  the  firm  to  hold  back  a  certain  amount  of  its  current  output  in  order  to 
take  advantage  of  a  changing  market  situation.  This  behaviour  is  a  matter 
of  the  firm's  inventory  policy;  policies  which  vary  among  firms  as  well  as 


^Z/The  Vegetable  Situation  -  mo,   April  1952,  p.  5. 
^ii/l".  Collins,,  et  al.,  op_.  cit. ,  p.  10. 
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among  production  areas.  Collins,  et  al.  indicate  that  in  California  proces- 
sors nay  still  dispose  over  30  to  50  per  cent  of  their  annual  pack  immedi- 
ately prior  to  harvesting .£2/ 

In  contrast,  R.A.  Kelly  shows  for  1953  that  in  Illinois  about  50  per 
cent  of  the  processors  disposed  of  their  stocks  as  soon  as  possible  (August 
through  December)  and  that  these  canners  had  only  occasional  carryover 
stocks  .2?_/ 

We  conclude  from  the  foregoing  discussion  that  the  demand  for  processed 
tomatoes  is  far  from  being  homogeneous  even  though  it  was  shown  that  the 
different  sources  of  demand  may  be  of  minor  importance.  These  different 
demands  may,  however,  influence  total  demand  quite  significantly  if  they  are 
aggregated,  Hence,  the  assumption  of  one  major  source  of  demand,  domestic 
civilian  consumption,  is  probably  more  than  a  simplifying  assumption.  Fig- 
ure 1  seems  to  support  this  argument  very  strongly. 

Per  capita  consumption  of  processing  tomatoes  is  under  ceteris  paribus 
conditions  a  function  of  the  going  retail  price.  However,  good  substitutes 
exist  for  tomato  products,  so  the  prices  of  these  also  influence  consumption. 
The  substitutes  for  canned  whole  tomatoes  are  considered  to  be  fresh 
tomatoes  and,  according  to  Snuff et,  other  tomato  products .31/  Tomato  juice 
competes  with  citrus  fruit  juices  (mainly  with  orange  juice)  as  was  shown  by 
K.E.  Ogren  in  a  study  covering  the  19^-19^9  marketing  period. .22/  ^e  0ther 


-^•'Collins,  et  al.,  op_.  cit.,  p.  25. 

<LjR.k.   Kelly:  The  Vegetable  Canning  Industry  in  Illinois.  HI.  Agr 
Sept.  Stat.  Bul.  612.  1957. 

2±JYi.t   Shuffet,-  oo.  cit.,  p.  ill. 

^-/K.E.  Ogren  cited  by  Shuffet,  ibid. ,  p.  102. 


V 


2? 


tomato  products  probably  compete  among  themselves.  In  order  to  allow  for 
the  substitution  effect,  prices  of  substitutes  have  to  be  included  in  the 
structural  equation.  Also,  consumers1  tastes  and  preferences  have  changed 
over  the  time  period  under  investigation.  A  number  of  studies  mention  that 
increasing  disposable  income  affects  per  capita  consumption  of  processed 
vegetables,  including  tomatoes.  The  following  quotation  lists  other  impor- 
tant factors : 

"Characteristics  of  the  population  believed  to  significantly 
influence  the  consumption  of  fruits  and  vegetables  and  to  reflect 
these  social  changes  include  income,  regional  distribution  of 
population,  homemaker  employment,  and  the  growth  of  the  nonhouse- 
hold  market."  21/ 

Another  point  worth  mentioning  is  that  still  a  further  structural  ohai 
occurred  daring  the  time  period  under  analysis.  In  the  past  consumers  pur- 
chased tomato  products  in  No.  2  cans,  whereas  today  they  buy  the  same  pro- 
duce in  No.  303  cans.  2±l 

Per  capita  disposable  income  will  be  included  as  explanatory  variable 
in  the  structural  demand  equation  for  processed  tomatoes. 

Shuffet's  22/   estimation  of  demand  for  processing  tomatoes  yielded  the 


-^National  Commission  on  Food  Marketing,  op_.  cit.,  p.  25. 

O.'i  / 

^2/ The  Vegetable  Situation  -  146,  I962,  Table  6,  p.  24.  The  can  sizes 
are  defined  as  follows : 

diameter      height       capacity 

.~.o.   2:  3  7/16  in.   4  9/l6  in.   20.55  02s.  of  water  of  68°F. 
can  no. 303:  3  3/l6  in.   4  6/l6  in.   16,88  ozs.  of  water  of  68°F. 

See:  USDA  -  ERS  "Conversion  Factors  and  Weights"  Stat.  Bui.  3o2,  I965, 

P.   -•'■'• 

22JU.   Shuffet,  pjo.   cit.,   pp.    109-111. 
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following  results  for  the  years  1921  to  1952: 

x.  =  o.7?o  -  o.wx2  +  o. 219X0  -  0.19,. 

*(2.^6)   :Ki.52)   *(2.66)    R2  =  0.i»79 
where  X.  =  per  capita  consumption  of  canned  whole  tomatoes. 
X£  =  retail  price  per  no.  2  can. 
Xo  =  disposable  per  capita  income.   (Note  that  the  coefficient  of  this 

variable  is  not  significantly  different  from,  zero.) 
-^  =  per  capita  consumption  of  processed  tomato  products  ( excluding 
tomato  juice).  Since  the  coefficient  of  this  variable  has  a 
negative  sign,  this  indicates  that  the  different  tomato  products 
compete  with  canned  whole  tomatoes. 

figures  in  brackets  are  t-values;  t_Q  Q£-   _pg=2.08^. 
'This  statistical  estimation  indicates  that  the  elasticity  of  demand  of 
canned  whole  tomatoes  is  -QA.      (It  will  be  interesting  to  see,  whether  this 
elasticity  remained  constant  over  time  or  not.)  Furthermore  it  estimates 
that  an  income  change  of  10  per  cent  brings  about  a  2  per  cent  change  in  the 
same  direction  in  the  demand  for  canned  tomatoes. 

G.S,  Brandow  22/  showed  in  his  study  that  an  income  change  of  10  per 
cent  was  associated  with  a  1.5  per  cent  change  in  the  use  rates  for  all  vege- 
table products.  "Somewhat  higher  consumption  responses  to  income  changes 
probably  would  be  characteristic  of  processed  fruits  and  vegetables ... ,:  2L> 
Shuffet's  and  Brandow' s  estimates  of  the  income  elasticity  are  surprisingly 


>=u 


'G.j,.  Brandow:  "Interrelationships  Among  Demand  for  Farm  Products 
and  l&aplications  for  Control  of  Market  Supply",  Penna.  Agr.  Expt.  Stat. 

Bull.  660,  August  1961,  p.  20. 

30/ 

*"-' National  Commission  en  Food  Marketing,  ojd.  cit . ,  p.  27. 
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similar  if  one  considers  the  totally  different  approaches  taken  by  the  tiro 
authors  to  derive  this  elasticity.  However,  it  is  interesting  to  note  that 
Shuffet's  coefficient  is  not  significantly  different  from  zero  at  the  5  P©" 
cent  level. 

Shuffet  had  to  satisfy  himself  with  the  estimation  of  the  elasticities 
for  canned  whole  tomatoes  since  no  retail  prices  for  other  tomato  products 
were  recorded.  He  points  out  in  his  study  that  the  wholesale  prices  of 
other  tomato  products  are  not  correlated  with  the  wholesale  price  of  canned 
tomatoes.  Consequently  no  estimation  of  the  elasticity  of  demand  for  aggre- 
gated tomato  products  could  be  undertaken,  not  even  at  the  wholesale  level. 

This  sane  observation  will  be  valid  for  the  statistical  estimation  of 
the  r.cdvii  developed  in  this  report. 

V.'e  summarize  this  section  by  saying  that  per  capita  consumption  of  pro- 
cessed tomatoes  is  a  function  of  the  retail  price,  the  price  of  substitutes 
and  of  per  capita  disposable  income,  other  things  being  equal. 

Relationship  Between  the  Contract  and  Farm  Price,  tie   are  less  inter- 
ested in  explaining  the  factors  affecting  the  contract  price  than  we  are  in 
explaining  the  factors  influencing  the  farm  price  for  processing  tomatoes. 
As  mentioned  previously,  the  farm  price  -  defined  in  this  chapter  as  the 
total  value  the  farmer  gets  for  his  crop  -  is  not  only  a  function  of  the 
contract  price  but  may  also  be  affected  by  the  difference  between  the  effec- 
tive quantity  produced  and  the  quantity  demanded  by  the  producers  at  the 
time  the  contract  price  is  announced.  No  indication  could  be  obtained  about 
the  magnitude  of  this  influence;  it  may,  however,  be  minor  since  downward 
adjustments  would  certainly  be  resisted  by  growers.  We  make,  therefore,  the 
simplifying  assumption  that  the  farm  price  is  a  function  of  the  contract 
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price  only. 

The  Structural  :;odel  5umnarig ed ,  The  model  developed  in  this  chapter 
can  be  rewritten  in  the  following  simplified  form: 

M       Pcon.  =^Prj1>l,S) 

(2)  S    =^Pcon.'A'V^l) 

(3)  P     =  ?(Q      c    v") 

(*)     %       =  f(Pr.  ps,  rd) 

&       ?f    =^pcon.) 
In  this  model  the  following  variables  are  endogenous  (determined  by  the 
system) . 

Pcon    contract  price  offered  farmers  for  processing  tomatoes  prior  to 
planting  time. 

Qp     quantity  of  processing  tomatoes  produced  in  the  major  producing 

states;  New  York,  New  Jersey,  Pennsylvania,  Ohio,  Indiana,  Illinois, 
Michigan,  Delaware,  Maryland,  Virginia,  Florida,  Texas,  Colorado, 
Utah,  California. 

Pr     weighted  average  retail  price  of  canned  tomato  products  averaged 
over  the  marketing  year  for  tomato  products  which  begins  July  1st. 

Gc     per  capita  consumption  of  canned  tomato  products  on  a  fresh  equiva- 
lent basis. 

Pf     weighted  average  price  received  by  farmers  for  processing  tomatoes, 
the  weights  being  the  respective  production  of  the  states  included 
in  the  analysis. 
The  exogenous  variables  are  defined  as  follows: 

S      canner's  stocks  of  processed  tomato  products,  January  1  of  each  year 
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*r,t~l   retail  price  of  canned  tomatoes  lagged  one  production  period  (see 

nition  of  ?r). 
A       weighted  average  yield  per  acre  of  processing  tomatoes,  the  weights 
being  the  respective  production  of  the  states  included  in  the 
analysis 
C       canner's  carryover  stocks,  July  i  of  each  year. 
Ps      aggregated  retail  price  of  substitutes. 
^cT~     ?or  capita  disposable  income. 
?FR.t-l  weighted  average  price  for  fresh  tomatoes  paid  to  farmers,  the 

weights  being  the  respective  production  of  fresh  tomatoes  in  the 
states  included  in  the  analysis. 
T       trend  variable. 

Unfortunately  it  -.:as  not  possible  to  obtain  data  for  ail  the  variables 
included  in  this  model,  so  it  was  not  possible  to  evaluate  it  statistically. 
The  next  section  will  indicate  how  the  model  will  be  estimated  approximately. 

The  Alternative  Economic  Model.  Prior  to  turning  our  attention  to  the 
description  of  the  statistical  model  we  have  to  make  a  few  comments  about  the 
alternative  model. 

The  structural  equations  used  in  the  alternative  model  are  exactly  the 
same  as  in  the  initial  model.  The  only  difference  consists  in  our  decision 
to  consider  the  market  of  the  raw  products  as  separated  from  the  market  of 
the  finished  products.  The  endogenous  variables  in  the  structural  equations 
representing  the  relationships  at  the  farm  level  (equations  (i),  (2),  and 
(5)  )  are  considered  to  be  simultaneously  determined  as  are  the  endogeneous 
variables  in  the  equations  representing  the  relationships  at  the  retail 
level  (equations  (3)  and  (^)  ) 
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The  differences  in  the  two  models  will  become  more  apparent  when  the 
endogenous  variables  are  estimated  through  the  reduced  form  equations. 

Statistical  Model 

For  the  quantification  ox  the  economic  models  discussed  in  the  previous 
chapter  we  need  not  only  answer  certain  questions  with  respect  to  the  choice 
and  transformation  of  the  data,  but  we  also  have  to  rearrange  our  initial 
models  so  that  they  can  -  at  least  -  be  approximated  with  the  available  data. 

Choice  and  Transformation  of  I? ata. 

Years  to_be  Included:  Data  about  stocks  of  canned  tomato  products  were 
first  reported  in  19^-9.  This  limits  the  analysis  to  the  years  19^9  to  I965. 
For  other  variables  the  data  series  are  not  available  prior  to  1955  (retail 
prices  for  fresh  tomatoes  and  orange  juice)  so  they  had  to  be  estimated  by  a 
simple  regression  analysis.  But  even  with  complete  data  series  available 
back  to  19^-0  or  earlier,  it  seems  reasonable  to  start  the  present  analysis 
with  data  for  1950  or  1952,  when  some  kind  of  a  postwar  equilibrium  was 
approximately  attained  in  the  industry.  To  support  this  statement  somewhat, 
Table  1  also  shows  the  consumption  figures  for  the  immediate  postwar  years 
19-5-5  to  1950*  In  order  to  maintain  a  reasonable  number  of  degrees  of 
freedom,  the  years  1950  to  1952  were  not  dropped  from  the  analysis  even 
though  they  were  characterized  by  an  abnormally  high  military  demand. 

Time_Period:  The  present  analysis  uses  yearly  data.  The  most  serious 
data  problem  consists  in  the  fact  that  the  retail  prices  are  aggregated  over 
the  calendar  year,  whereas  an  aggregation  of  the  marketing  year,  starting 
July  1st,  is  required. 


Pric9  Level:  To  allow  for  an  increasing  price  level  during  the  time 
period  under  investigation,  farm  prices,  retail  prices,  and  disposable 
income  were  donated  by  the  prices-received-by-farmers-index  for  all  commo- 
dities, consumer  price  inde::  for  food  items,  and  hj  the  consumer  price  index 
for  all  commodities  respectively,  using  the  basis  years  1957-59  for  all 
indices.  This  procedure,  however,  may  be  questioned  since  some  doubt  can 
be  raised  as  to  whether  producers  and  consumers  respond  to  real  changes  or 
money  changes.  Furthermore,  because  of  the  short  time  period  the  deflation 
might  have  little  effect.  Lack  of  time  did  not  allow  for  a  test  of  this 
point. 

Transformation:  Both  models  were  estimated  using  logarithmic  data.  For 
the  der.aiid  aquation  for  processing  tomatoes  this  procedure  seems  adequate 
since  the  farm  price  -  retail  price  relationship  in  Figure  5  is  obviously 
curvilinear.  Whether  better  fits  result  from  logarithmus  transformations 
for  the  other  equations  can  be  questioned.  Again,  lack  of  time  prevented  a 
check  of  this  point. 

^i^le_L^uati_on  or_S^ultaneous  ifouation^Approaeh :  In  developing  the 
economic  model  this  point  was  already  discussed  in  some  length.  The  decision 
was  clearly  in  favor  of  the  simultaneous  equation  approach. 

Variables  f or_  Which  no_Data  Were_Available :  As  mentioned  above  not 
all  of  the  required  data  were  available  to  estimate  the  economic  model. 
First  of  all  there  exists  no  time  series  for  the  contract  prices  offered  to 

lers.  J^LI     F.etail  prices  were  available  only  for  canned  whole  tomatoes 
and  the  statistics  indicating  the  prices  received  by  farmers  for  processing 


formation  obtained  from  the  National  Canner's  Association. 
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to  Latoes  do  not  include  the  value  of  the  services  offered  to  growers  by  the 
processors  as  requested  by  the  model, 

'."■.'he  Revised  Aodsl.  Subject  to  the  data  limitations  the  economic  model 
will  be  revised  in  the  following  fashion, 

As  a  proxy  variable  for  contract  prices,  farra  prices  will  be  used  in 
.ations  (i)  and  (2)  and  consequent!:/  equation  (5)  has  to  be  dropped.   In 
addition  the  definition  of  the  variable  Ps  has  to  be  changed;  in  the  revised 
model  it  will  include  only  the  average  retail  price  for  fresh  tomatoes. 
Accordingly,  the  revised  model  has  the  following  form: 

(la)  Pf  =  f(Pr>t-l»s) 

(2a)  Qp  =  f (Pf ,  A,  Fp^i) 

(3a)  Pr  =  f(Qp,  C,  T) 

(4a)  Qc  =  f(Pr,  ?s,  1^) 
The  alternative  model  is  composed  by  the  two  systems  formed  by  equa- 
tions (la)  and  (2a)  representing  demand  and  supply  at  the  farm  level  and  by 
equations  (3a)  and  (4a)  representing  supply  and  demand  at  the  retail  level. 

Prior  to  leaving  this  section,  a  final  comment  on  data  problems  is 
offered.  As  can  be  seen  from  the  data  tables  in  the  appendix,  the  sampling 
criterions  of  the  original  data  changed  in  many  cases  so  that  conversion 
factors  had  to  be  used  in  order  to  get  comparable  data.  However,  it  cannot 
be  assumed  that,  in  an  industry  experiencing  structural  changes,  the  conver- 
sion factors  remain  constant  over  time.  But  worse,  in  some  instances  no 
correction  could  be  made  at  all  and  in  a  few  instances  data  had  to  be  esti- 
mated , 

Unfortunately  the  data  used  in  this  analysis  have  to  be  considered  as 
relatively  poor. 


'.:ho  Identification  Problem. 

_ -"_  _°LP_^\2JiP2i  ^'ifi'~  '■     To  make  sure  that  there  exists  a  mathemat- 
ical solution  for  a  certain  model  one  has  to  check  whether  it  is  identifi- 
able or  not.  The  necessary  condition  for  identification  says  that 

(6)  I!  -  H*^  G  -  1 
for  each  equation,  where 

H   indicates  the  number  of  variables  in  the  system 
-.-•;  indicates  the  number  of  variables  in  each  equation 
G   indicates  the  number  of  endogenous  variables  in  the  system 
The  right  hand  side  of  equation  (5)  takes  the  numerical  value  k-1   for 
each  structural  equation,  whereas  the  left  hand  side  takes  the  values  of 
12-3;  12-4;  12-4;  and  12--!-  for  the  equations  (la),  (2a),  (3a),  and  (4a), 
respectively.  A  greater  numerical  value  for  the  left  hand  side  of  equation 
(6)  indicates  that  the  system  might  be  over identified,  so  that  it  must  be 
estimated  by  the  two  stage  least  square  method,  using  reduced  form  equations 
in  the  first  stage. 

However,  only  if  the  necessary  and  sufficient  conditions  described 
below  are  fulfilled,  can  one  be  sure  that  all  equations  in  a  system  are 
identifiable.  This  condition  reads  as  follows:  At  least  one  determinant 
derived  from  a  matrix  formed  according  to  the  following  instructions  must  be 
non-zero  for  each  equation  in  the  model.  Square  matrices  of  the  order 
G'-l  ^zJ   are  formed  by  the  regression  coefficients  of  the  variables  not  in- 
cluded in  the  equation  for  which  the  identification  test  is  made.  Gf  course, 
this  test  can  be  performed  only  after  the  coefficients  are  estimated.  Again, 


22JG   -  number  of  endogeneous  variables  in  the  system. 


37 


lack  of  time  did  not  allow  to  xtfork  out  this  teat. 

The  Alternative  Model:  If  one  checks  the  necessary  condition  for  the 
alternative  model  one  gets  the  following  inequalities  for  equation  (6) : 

H-H*>  C-l 

equation  (la)   6-3  >  2-1 

.ion  (2a)   6-4-  >  2-1 

equation  (3a)   7-3  >  2-1 

equation  (ka.)       7-4  >  2-1 

This  check  indicates  that  the  equations  of  the  alternative  model  might 

be  overidentif ied  and  that  the  two  stage  least  square  model  must  be  applied. 

;".o  deduced  Porm  Equations.  We  are  now  ready  to  formulate  the  reduced 
form  equations  for  the  two  models.  For  the  initial  model  they  have  the  form 
indicated  below: 

(?)       Pf  =  f(?r>t_i,  Pa.  A,  Yd,  T,  S,  C,  P^^  ) 

(8)  Qp  =  f(Prft-l»  Ps»  A»  *d»  *.  s»  c»  %,«.  > 

(9)  Pr  =  f(PPtt.i,  PB,  A,  Id,  T,  S,  C,  r?Rjt_1  ) 

(10)  Qc  =  f(Pr>t_1,  Ps,  A,  Id,  T,  S,  C,  P^^  ) 

Since  Qc  does  not  appear  as  an  independent  endogenous  variable  in  either 
si  it  would  not  be  necessary  to  estimate  it  by  the  reduced  form  equation 
(10).  However,  the  estimation  "as  performed  for  the  following  reasons:  In 
general  one  expects  to  get  significant  coefficients  in  the  reduced  form 
equations  for  those  variables  included  in  the  corresponding  structural  equa- 
tion. An  estimation  of  Qc  yields,  therefore,  a  check  as  to  whether  the 
expectation  to  get  significant  coefficients  for  the  retail  price,  the  price 
for  substitutes,  and  the  per  capita  disposable  income  in  equation  (10)  is 
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correct.  In  addition  the  reduced  form  equations  can  be  used  for  predictive 
purposes .  Exactly  the  sane  argument  holds  for  equation  (1*0, 

The   reduced  form  equations  for  the  alternative  model  read  as  follows: 

(11)  Pf  =  f(Pr>i>1,  A,  S,  Fm^±   ) 

(12)  Qp  =f(Pr,t_ls  A,  S,  PFRft_1  ) 

(13)  Pr  =f(Qp,  Ps3  Yd,  T,  C) 

(14)  Qc  =  f(Qp,  Psf  Yd,  T,  C) 

The  ~Ehzs.cz   formulation  of  the  Statistical  Models.  Once  the  coefficients 
of  the  reduced  form  equations  are  obtained,  it  is  possible  to  compute  the 
predicted  values  of  the  endogenous  variables  and  to  insert  these  values  in 
the  structural  equations  in  which  they  appear,  as  independent  variables.  We 
are  therefore  ready  to  formulate  the  exact  statistical  models.  The  equations 
have  the  following  form: 

(lb)  Pf  =  &1   +  b1;LPrtt-l  -b12S  +  u± 

:.e   expect  'to  get  a  positive  relationship  between  the  farm  price  as  an 
approximation  for  the  contract  price  and  the  lagged  retail  price  and  a  nega- 
tive one  between  the  farm  price  and  the  January  stocks. 

(2b)  Qp  =  a2  +  b2lPf.  +  b22A  -  bgoPj^  t-1  +  u?  ££/ 

The  higher  the  farm  price  the  more  farmers  are  expected  to  produce.  As 
mentioned  earlier,  higher  yields  per  acre  are  expected  to  bring  forth  a 
larger  crop  under  ceteris  paribus  conditions  and  we  also  expect  higher  farm 
prices  to  have  a  negative  effect  on  quantity  produced  if  there  exists 


rhe  symbol ^ means  that  the  predicted  values  of  the  respective  endo- 
genous variables  are  used. 
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competition  between  the  two  prod-acts  at  the  farm  level. 
(3b)  Pr  =  a.j  -  b^^Qp  -  bj2c  -  tcoT  +  u. 

All  independent  variables  in  this  equation  are  believed  to  be  nega- 
tively related  to  the  retail  price.  Higher  production  as  well  as  hi 
carryover  stocks  will  lower  retail  prices.  If  the  trend  variable  reflects 
better  processing  technology  resulting  in  lower  costs  this  should  affect 
retail  prices  inversely. 

(4b)  Qc  =  a:.  -  b4iPr  +  b^2?s  +  b;,3  Yd  -  u^ 

Ihe  price  elasticity  of  demand  should  be  negative  and,  according  to 
ShuffeVs  estimate,  approximately  -0.4.  Figure  8,  however,  suggests  that  it 
might  be  much  smaller. 

The  higher  the  price  of  fresh  tomatoes  the  greater  should  be  the  con- 
sumption of  canned  whole  tomatoes.  Finally,  the  higher  disposable  income, 
the  more  should  the  consumer  be  inclined  to  consume.  Shuffet's  estimation 
of  the  income  elasticity  was  0.2. 

For  the  alternative  model  the  exact  formulation  of  the  statistical  model 
looks  quite  similar.  There  will  be  differences  in  the  values  of  the  constant 
terms,  of  the  regression  coefficients,  and  of  the  residuals.  The  important 
difference,  however,  occurs  in  equation  (3b)  where  the  actual  value  of  Q  is 
used  rather  than  the  estimated  value  Q^. 
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CHAPTER  III 
STATISTICAL  RESULTS 

In  the  preceding  chapters  we  were  concerned  with  the  development  of  an 
economic  model  which  was  hypothesized  to  represent  approximately  the  forces 
at  work  in  the  tomato  processing  industry.  V7e  were  also  concerned  with  the 
statistical  problems  involved  and  the  ways  by  which  they  could  be  solved. 
However,  in  looking  at  tie  statistical  results  presented  below,  it  see 
that  almost  too  r.any  restrictions  and  simplifying  assumptions  were  made. 
;Tnen   looking  at  the  different  coefficients  one  should  keep  in  mind  that 
these  are  the  results  of  the  very  first  computation. 
Liitial  hod el. 

Estimated  Coefficients  of  the  Structural  Equations  (figures  in  brackets 
are  t~ values) . 

(la)  logPf  =  2.210  -  0.?98  logPr>i>i  +  0.205  logS 

(-1.152)        (1.866) 
"^0.05,  13  =  2-l6°  H2  =  0.22? 

(2a)  logQp  =  -C.5&6  +  O.694  logA  -  0.175  1o^r  t-j  +  °«3^2  logPf 

(1.787)     (-0.468)         (O.565) 
^.05,  12  =  2-179  R2  =  O.569 


(3a)  logPr  =  1.326  +  0.0?  logl  -  0.051  logC  -  0.153  logQp 

(2.144)     (-2.597)     (-1.130) 
*0.05,  12  =  2.179  S2  =  0.4:4 

(4a)  logQc  =  1.376  -  0.536  logPs  +  0.006  logId  +  0.043  logPr 

(-1.878)      (0.40)       (0.142) 
K).05,  12  =  2.179  H2  =  0.237 

i&temative  Hodel. 

Estimated  Coefficients  of  the  Structural  Equations   (figures  in  brackets 
are  t- values) . 

(la')  logPf  =  2.210  -  0.798  logPrjt_1  +  0.205  logS 

(-1.152)  (1.886) 

^.05,    13  =  2-l6°  -2  =  °-227 

(2a')  logQp  =  0.147  +1.027  logA  -  0.08  logPFR_1  -  0.477  logP^ 

(1.408)      (-0.192)       (-0.234) 
"^0.05,  12  =  2-179  R2  =  0.560 


(3a' )   logPr  =  1.260  +  0.033  logT-  0.031  logC  -  0.002  logCL, 

(0.931)    (-1.525)    (-0.016) 
^.05,  12  =  2-i79  R2  =  0.368 

(4a')  logQc  =  I.59I  -  0.492  log?s  -  0.011  log^  -  0.131  logPr 

(-1.713)       (-0.073)      (-0.336) 
"C0.C5,  12  =  2'1??        .    r2  =  0-294 
The  re  suits  obtained  from  the  estimation  cf  the  reduced  form  eauations 
presented  in  tabular  form  to  facilitate  their  appraisal  (sgc      5). 
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Interpretations  and  Suggestions 

At  first  glance  the  results  do  not  seen  worth  any  further  discussion. 
Only  one  coefficient  is  significantly  different  from  zero,  and  most  of  the 
coefficients  have  the  wrong  sign,  sometimes  even  associated  with  t- values 
near-  the  significance  level.  In  addition  the  explanatory  power  of  the  struc- 
tural  equations  is  weak,  A  discussion  and  economic  interpretation  of  the 
\rarious  coefficients  is  considered  of  little  use  uik  ,r  these  conditions. 
Rather,  we  will  focus  our  attention  on  the  possible  improvements  of  the 
statistical  results  and  suggest  some  modifications  of  the  economic  model. 

3,r::.nd  for  Processing  Tomatoes.   The  coefficients  of  the  two  explana- 
tory variables  for  the  farm  price  —  lagged  retail  price  and  January  stocks 
—  both  show  the  wrong  signs;  the  coefficient  of  January  stocks  being  almost 
significantly  different  from  zero. 

Looking  at  Figure  9  it  seems  likfiy  that  the  extreme  values  for  1951 
and  1965  "were  responsible  for  the  negative  slope  of  the  regression  plane. 
The  coefficient  of  -0.8  would,  under  these  circumstances,  be  consistent  with 
a  freehand  fitted  line  with  a  slope  of  -1.  Figure  13  shows  that  there  exists 
no  apparent  relationship  between  the  January  stocks  and  the  farm  prices. 
The  reason  for  this  is  that  data  for  actual  stocks  rather  than  relative 
stocks  were  used  in  the  analysis.  In  attempting  to  improve  the  situation 
the  following  procedure  may  be  followed:  Based  on  the  available  data,  an 
average  per  capita  stock  would  be  determined  as  an  estimate  for  what  pro- 
cessors consider  to  be  an  "equilibrium"  stock.  The  hypothesis  then  is  that 
the  contract  price  (approximated  by  the  farm  price)  is  a  function  of  the 
differences  between  the  actual  per  capita  s'   .  ad   the  "equilibrium"  per 
capita  stock. 
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are  ii.  Retail  Price  —  Quantity  Observations  Plotted  for  the  Period. 

i950-iS^5.  "Supply  of  Canned  ...  L     .^oes::  (Deflated  Data). 
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re  12.  Potr.il  Pries  —  Quantity  Observations  Plotted  for  the  Period 

1950-1965i  "Demand  for  Canned  Whole  Tomatoes"  (Deflated  Data). 


Retail  Price  - 
in  /no  2  can 


20 


•.- 


<S 


•,. 


* 


■u 


::  5 

! 


Source:      Paolo  8. 


H.S 


-^i  Tow  .... 

in  I04  tons 


50 


— 


C 
».  i 
C  - 
H 


•: 

■r*-. 

C) 

■p 

.-, 
o 
*h 

'V 
Q 
-.- 

o 

H 
fL, 

m 
c 

o 

•-; 

s 

c 

:-; 


C 
"6  ° 
on  o 

■ 

. — ) 

</! 

.  I« 
-s- 

3  r 


- 

■v 


N.    ~ 


+.' 


-• 


r 


R 


o 

-:-' 
CO 

:-. 

Hi 

2 

»-3 


g 

U 


to 


:."■-■ 


..- 


L." 


a 

V 
«i  r- 

u     -. 


- 


;; 


51 


Since  no  endogenous  variable  appears  as  an  independent  variable  in  this 
equation,  the  statistical  results  are  exactly  the  same  in  both  the  initial 
and  the  alternative  model, 

■•v'-"-"  of  -'rocessinq;  Tomatoes.   The  signs  of  all  variables  included  in 
tins  equation  are  consistent  with  economic  theory.  Changes  in  the  three 
independent  variables  —yield  per  acre,  farm  price  of  fresh  tomatoes  lagged 
one  year  and  contract  price  (approximated  by  the  farm  price)  —  explain  5? 
per  cent  of  the  variations  in  the  quantity  produced.  The  t-value  of  A 
(=  yield  per  acre)  is  1.79  as  compared  to  t0>0r  -j_2  =  2.18.   The  other  t- 
values,  however,  are  substantially  below  1.  In  the  case  of  the  farm  price 
the  variation  may  be  reduced  by  excluding  the  year  19^5  (see  Figures  6  and 
10)  from  the  analysis. 

The  fit  of  the  same  supply  equation  in  the  alternative  model  is  con- 
siderably poorer.  Its  main  disadvantage  consists  in  the  negative  sign  of 
the  price  elasticity  of  supply  and  the  lower  t-values. 

Sunuly  of  Canned  uhole  Tomatoes.  The  t-values  of  the  coefficients  of 
the  trend  variable  and  of  the  carryover  stocks  are  2.1-.-  and  -2.6  respectively 
^0.05  12  =  2.13).  The  latter  value  indicates  that  the  retail  price  of 
canned  tomatoes  varies  significantly  and  inversely  with  changes  in  the  carry- 
over stocks.  But  even  though  this  result  is  in  line  with  what  we  expected, 
the  same  procedure  is  suggested  here  as  before  for  dealing  with  January 
stocks;  namely,  to  consider  the  retail  price  as  a  function  of  deviations 
from  the  "equilibrium"  carryover  stocks. 

The  coefficient  of  the  trend  v  liable  shows  an  almost  significant  and 
positive  relationship  with  the  retail  price,  indicating  that  the  trend 
variable  does  not  represent  cost  saving  improvements  in  the  tomato  processing 
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.  According  to  Table  6,   trend  is  highly  correlate    .  ,h  the  vie 

per  acre  and  with  disposable  income.  The  positive  regression  coefficient 
nay  therefore  stay  for  disposable  income,  inlicatr 
disposable  income  prices  "ill  increase. 

I  lo  quantity  produced  las  a  negative  effect  on  the  retail  price,  an 
influence  which  is  consistent  with  economic  theory.  The  t-value  is  1.23 
for  this  coefficient  (t0<Q5  12  =  2.18).  Changes  in  the  three  independent 
variables  explain    per  cent  of  trie  variation  in  the  retail  price. 

Also  for  this  equation,  the  results  are  much  poorer  for  the  alternative 
than  for  the  initial  model.  The  explanatory  power  of  the  same  variables  is 
less  and  the  t-values  are  considerably  smaller. 

%or  Canned  Hole  Tomatoes.  The  estimated  demand  elasticity  of 
is  completely  different  from  Shuffet's  estimate  of  -0.-:-.     Two  reasons 
can  be  given  for  this  ;  Either  tiie  economic  model  is  inaccurate  or  the 
differences  arc  due  to  structural  changes.  The  first  reason  may  apply,  but 
the  steeply  sloped  demand  curves  depicted  in  Fi  -res  8  and  12  seer,  to  support 
the  second  argument.  Since  1952  -£±/  a  saturation  point  must  have  been 
reached.  The  positive  coefficient  -.  hich  was  estimated  from  deflated  data  is 

.licantly  different  from  zero.  However,  it  is  consistent  with  what 
one  would  expect  from  looking  at  Figure  12  (a  freehand  plotted  regression 

be  positively  sloped) .  This  suggests  that  for  the  particular  time 
■rod  under  investigation  canned  whole  tomatoes  :     1  considered  a  Giff en 
good  for  reasons,  however,  not  apparent  to  the  author.  T.'.a  dsr.-znd   curve  is 
-iveiy  sloped  when  actual  data  are  used.   The  conclusions  one  can  draw 
from  the  foregoing  discussion  are:  (_}  for  the  analyzed  period  the  demand 


ii/sh. 


-.'1:3  analysis  includes  tho  years  1921  -  1952. 
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for  cannc  .cos  is  very  inelastic;  (2)  per  capita  consumption  has 

leveled  off  at  about  k.6   pounds;  (3)  the  fact  that  vri.th  higher  real  prices 
consumers  may  demand  more  suggests  that  consumer's  ar  .  not  very  price 
conscious  with  r  spect  to  canned  tomatoes;  and  (4)  better  fits  could  cer- 
'  tainly  bo  elicfned  by  using  actual  data. 

in  this  paper  fresh  tomato    :  s  considered  to  be  substitutes  for  canned 
xdiole  tomatoes,  rhe  cross  elasticity  is  estimated  to  be  -0.5,  indicating 
that  the  two  products  might  bo  complements.  It  is,  however,  difficult  to 
find  a  r0j.2cr.cble  explanation  for  this.  Thus,  one  is  inclined  to  reject  the 
hypothesis  of  fresh  tomatoes  being  substitutes  for  canned  tomatoes. 

_  g  .". : -rnative  Model  (Structural  and  deduced  ?orra  fcuations).   The 
estimation  of  the  scree  coefficients  for  the  alternative  model  is  no  more 
satisfactory  than  for  the  initial  modi.  There  is  the  difference,  however, 
that  the  price  elasticity  of  demand  shows  the  negative  sign  consistent  wi" 
economic  theory.  The  t-value  is  somewhat  larger  than  in  the  initial  model 
but  still  less  than  1. 

From  the  statistical  results  discussed  so  far  we  can  now  draw  the  con- 
clusion  that  the  results  for  the  alternative  model  are,  relatively  speaking, 
considerably  poorer  than  those  obtained  for  the  initial  model.  This  seems 
to  support  our  hypothesis  that  the  endogenous  variables  in  the  economic  model 
are  simultaneously  dst.;r:-inoc  in  a  market  which  involves  the  farm  level  as 
".  11  as  the  retail  level.   However,  the  statistical  results  were  not  good 
enough  to  grove  this  hypothesis  statistically. 

1   this  conclus:  ,:.   the  following  discussion  -■.__!  not  involve  an 
iisal  of  the  statistical  results  obtained  through  the  estimation  of  the 
reduced  form  equations  of  the  alternative  model.   It  should  he  mentioned, 
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however,  that  the  estimates  for  the  alternativ        *e  poorer 

st  to  the  explanatory  power  of  the  variables,  but  slight!  better  with 
pect  to  the  t-values  than  in  the  case  of  the  initial  model. 

using  reduced  form  equations,  the  eight  exogenous  variables  in- 
cluded in  this  analysis  do  explain  changes  in  the  endogenous  variables  quite 
accurately  ,  with  1-  's  ranging  iron  0.83  to  0.87  for  the  quantity  of  proces- 
sing tomatoes  produced,  the  farm  price,  and  the  retail  price  for  ca:: 
tomatoes.   The  same  variables  do   not,  however,  explain  the  practically  con- 
stant  per  capita  demand  for  canned  tomatoes  very  accurately  (h~  =  0.39). 

In  the  case  of  the  reduced  form  equations  one  expects  to  get  significant 
ion  coefficients  Tor  those  variables  included  in  the  corresponding 
structural  equations.   .  ith  one  exception,  this  is  not  the  case  for  the 
reduced  form  equations  estimated  in  this  study. 

Sstimjationjof  the  Farm  Price.  The  only  statistically  significant  co- 
efficient in  this  equation  relates  per  capita  disposable  income  to  the  farm 
price,  the  proxy  variable  for  the  contract  price.  The  hypothesis  that  dis- 
posable income  nay  have  a  positive  effect  on  the  consumption  of  canned  vege- 

'^as   is  widely  held.  Neither  Shuffet's  analysis  nor  the  present  study 
see::  to  support  this  argument.  On  the  basis  of  these  two  observations  it  is 
hypothesized  that,  in  setting  up  the  contract  price,  producers  take  into 
account  rising  incomes  as  an  indicator  for  rising  consumption,  even  though 
no  real  economic  relationship  may  exist  between  these  two  variables. 

It  might  he  mentioned  that  the  structural  variables  —  lagged  reaail 
price  and  January  stocks  —  show  the  correct  signs.  Their  t-values,  however, 
are  s     '  -nan  1.  This  was  r.zz   the  case  in  the  structural  eouaaion. 
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2n_of  the  Quantity__of  Pr£ces£iiig_Tc:  Latoes  Produc ed . 

sst  t-valus  is  associated  with  the  regression  coeffiei:nt  of  the  yield 
per  acre,  whereas  the  farm  price  of  fresh  tomato  3  adds  little  t      expla- 
nation of  the  quantity  produced.  Furthermore,  its  coeffici  nt  shows  the 
sign.  Whether  this  car  je  considered  as  a  supporting  fact  for  the 
hypothesis  that  there  is  actually  little  interaction  between  the  fresh  and 
the  processing  market  cannot  be  determined. 

iation_of  the  Retail  Price  of_Canned  Tomatoes.  With  two  exceptions 
the  t-value  of  the  explanatory  variables  are  near  or  above  the  significance 
level.  -',13   fact  that  the  coefficient  of  the  trend  variable  ....  positive  and 
significant  indicates,  once  more,  that  it  does  not  account  for  cost  reducing 
improvements  in  the  vegetable  processing  industry.  Furthermore,  the  influence 
of  disposable  income  is  negative.  This  conflicts  with  our  earlier  comment 
that  rising  disposable  income  may  raise  prices,  if  other  things  remain  equal. 

Carryover  stocks  have  little  effect  on  the  retail  price,  but  January 
stocics  do  seem  to  have  an  impact  on  the  level  of  the  retail  price.  This 
result  ::ay  be  due  to  multicollinearity. 

2stimatip_n_of  £he  Quantity  Consumed.   In  the  previous  chapter  it  was 
mentioned  that  the  quantity  consumed  does  not  appear  as  an  independent  endo- 
geneous  variable  in  any  equation,  so  it  does  not  need  to  be  estimated  by  the 
reduced  for",  equation.   If  the  results  obtained  are  poor  it  may  be  due  to 

it  per  capita  consumption  of  canned  tomatoes  is  almost  constant 
during  the  investigated  time  period. 

■■;" atis tical  is;-;':^;:ons .  A  series  of  statistical  assumptions  has  to  be 
made  in  order  to  get  best  an  .--ed  estimates  of  the  coefficients.  These 
assu     is  include  the  following! 


;ture  notes  taken  in  the  Price  Analysis  course  offered  by  Dr.  2. 


Tyrchniewicz . 


y 


a .  The  variables  mi      random  variables . 

b.  The  variables  should  be  normally  distribu 

c.  Independent  variables  have  to  be  independent  of  each  other. 

d.  ._  ected  value  of  the  error  term  should  be  zero. 

e.  The  variance  of  the  error  term  should  be  constant. 

There  should  be  no  serial  correlation  among  the  error  ten 

g.  The  error  term  should  not  be  correlated  with  the  independent 

variables . 

Rough  checks  will  be  made  for  the  assumption  of  independence  between 
independent  variables  and  for  the  serial  correlation  of  the  residuals. 

Table  6  indicates  that  the  condition  of  independence  among  independent 
variables  is  fairly  well  met.  Lotir  simple  correlation  coefficients  occur 

.  variables  included  in  the  four  structural  equations,   however, 
very  high  simple  correlations  are  observed  between  yield  per  acre  and  dis- 
posable income,  oetween  yield  per  acre  and  trend,  between  disposable  income 
and  trend,  and  between  January  and  carryover  stocks.  The  latter  observation 

there  is  not  much  point  in  using  both  of  these  variables  sep- 
arately, since  the  relationship  between  January  and  carryover  stocks  is 
certainly  causal  in  nature.   Trend  and  income  cannot  be  usee  I     3  sane 
structural  equation  because  a  strong  relationship  e:;ists  between  these  two 
variables  also.  The  high  interrelationship  between  yield  per  acre  and  c  ,.- 
posable  income  is  accidental,  and  to  include  both  variables  in  the  same 
equation  could  be  justified. 

In  orcer  to  check  for  serial  correlation  in  the  residuals,  these  were 
plotted  against  time  for  the  reduced  fc.     itions  as  well  as  for  the 
structural  equations  (Figures  14  to  24).  Since  the  dots  are  r  ldoialy 
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-.'lotted  Residuals.  Reduced  Form  Equation  for  Farm  Price. 
(Equation  ?) 
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Figuro  15.  Plotted  Residuals.  Reduced  Form  Equation  for  Quantity  Produced. 

(Equation  8) 
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Figure  16.  Plotted  Residuals.  Reduced  Form  Equation  for  Retail  Pries. 

(Equation  9) 
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Figure  1?.  Plotted  Residuals.  Reduced  Form  Equation  for  Quantity  Consumed. 

(Equation  10) 
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Figure  15.  Plotted  Residuals.  Structural  Equation  for  Farm  Price. 

(Equations  lb  and  lb') 
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Figure  19.  Plotted  Residuals.  Structural  Equation  for  Quantity  Produced. 

(Equation  2b) 
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Figure  20.  Plotted  Residuals.  Structural  Equation  for  Retail  Price. 

(Equation  3b) 
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Figure  21.  Plotted  Residuals.  Structural  Equation  for  Quantity  Consumed. 

(Souation  4b) 
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•.re  22.   Plotted  Residuals,  Structural  Equation  for  Quantity  Produced. 
Farm  Level  (Equation  2b') 
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ire  23.  Plotted  Residuals.  Structural  Equation  for  Retail  Price 

Retail  Level  ( Equation  3b1) 
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Figure  2^.   Plotted  Residuals.  Structural  Equation  for  Quantity  Consumed. 
Retail  Level  (Equation  4b') 
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distributed  around  aero  in  most  of  the  cases,  this  indicates  that  serial 
correlation  of  the  residuals  is  -unlikely.  Serial  correlation  may  be  respons- 
ible, however,  for  the  nonrandom  distribution  of  the  calculated  residuals  in 

tructural  equation  explaining  the  retail  price  in  both  the  initial  and 
the  alternative  model  (see  Figures  20  and  23).  Since  serial  correlation 
biases  the  standard  error  downwards  it  may  be  possible  that  the  higher  t- 
values  of  these  equations  compared  to  the  others  are  due  only  to  serial 
correlation. 

improvements  of  the  Initial  model 

On  the  basis  of  our  knowledge  about  the  market  structure  of  the  tomato 
processing  industry  and  the  indications  obtained  through  the  first  evaluation 
of  the  model,  some  changes  can  be  suggested  to  improve  the  explanatory  power 
of  the  initial  model  as  discussed  in  chapter  II.   These  suggestions  follow. 

A  comparison  of  the  figures  5  through  3  with  the  figures  9  through  12 
supports  the  hypothesis  that  undeflated  data  may  yield  better  fits  than 
deflated  data.   This  is  true  for  all  equations  in  the  system. 

Fsmand  for  Processing  Tomatoes.  It  has  been  hypothesized  that  per 
capita  disposable  income  may  have  some  influence  in  determining  the  contract 
price  because  processors  may  have  the  impression  that  this  variable  has  an 
influence  on  per  capita  consumption.  Consumption,  lagged  one  production 
period,  could  also  be  an  estimator  for  future  consumption  and  therefore  may 
have  a  positive  effect  on  the  determination  of  the  contract  price.  Further- 
more, the  experience  of  19ol  indicates  that  expected  (labor)  costs  can 
influence  the  contract  price  positively.   In  addition,  dummy  variables 
allow  for  the  unusually  high  military  demand  during  the  earl-     ies;  and 
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finally,  as  already  mentioned,  relative  stock  figures  should  be  used  rather 
than  absolute  stock  figures. 

This  leaves  us  with  a  new  structural  equation  which  has  the  following 
form: 

C1^)  PCon. respectively  Pf  =  f(Pr>t-l»  Qc,t-1»  Yd,t-1»  s»  KL,t-l'  Dl»  V 
with  the  following  meaning  attributed  to  the  new  variables  (the  variables 
already  used  in  the  previous  models  are  defined  the  same  way  as  in  chapter H.) 
S     relative  January  stocks  on  a  per  capita  basis. 
Kl  t-1  expected  labor  costs  based  on  last  year's  labor  costs. 
D^,I>2     dummy  variables  allowing  for  the  heavy  military  demand  during  the 
early  fifties. 

Supply  of  Processing  Tomatoes.  With  adjusted  data  and  eventually  ex- 
cluding the  exceptional  values  of  I965  from  the  analysis,  this  structural 
equation  is  formulated  the  same  as  before  except  that  the  farm  price  for 
fresh  tomatoes  has  been  dropped.  In  this  case: 

(16)  Qp  =  f(Pf ,A) 

Supply  of  Processed  Tomato  Products.   In  order  to  explain  the  aggregated 
supply  of  processed  tomato  products  the  following  changes  are  suggested: 

The  aggregated  retail  price  is,  first  of  all,  not  a  function  of  the 
quantity  produced  and  carryover  stocks,  but  rather  a  function  of  Qp  +  C, 
Both  variables  would  reflect  per  capita  values  and  carryover  stocks  would  be 
expressed  as  differences  from  an  estimated  "equilibrium"  carryover  stock. 
If  the  trend  variable  reflects  rising  income  as  was  suggested  previously,  it 
might  as  well  be  replaced  by  disposable  income.   Increasing  costs  of  produc- 
tion are  usually  added  to  the  retail  price.  Since  the  raw  product  costs 
plus  the  costs  for  cans  account  for  roughly  50  per  cent  of  the  total  costs 
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of  production,  212/  they  will  both  be  included  in  this  equation. 

The  new  supply  equation  reads  then: 

(i?)  Pr  =  f(Qp  +  C,  Yd,  Pf ,  K3T) 
where  Kg^  represents  a  steel  price  index  as  an  approximation  for  can  prices. 

Dcriar.d  for  Canned  Tomato  Products.  Among  other  factors  affecting  con- 

bion  of  fruits  and  vegetables  the  National  Commission  on  Food  Marketing 
lists  the  amount  of  homemaker  employment.  It  says:  "Homemaker  employment 
appears  to  have  a  depressing  effect  on  household  consumption  of  both  fresh 
and  processed  fruits  and  vegetables."  —'     However,  for  certain  specific 
processed  products  homemaker  employment  may  also  have  a  positive  effect  on 
consumption.  Since  we  feel  that  disposable  income  has  less  influence  on 
consumption  than  is  usually  believed,  this  variable  is  dropped  from  the 
equation  which  finally  reads  as  follows : 

(19)  Qc  =  f(Pr,  Ps,  1%) 
where  Njj  stands  for  homemaker  employment. 

This  revised  model  is,  of  course,  subject  to  similar  assumptions  and 
limitations  as  the  economic  model  developed  in  chapter ZI.   It  does  not  solve 
the  data  problems  we  mentioned  when  discussing  the  original  model.  The  re- 
vised model  lists  some  additional  variables,  deletes  other  variables  and  re- 
arranges the  whole  in  a  manner  which  is  believed  to  better  approximate  the 
situation  in  the  tomato  processing  industry  than  the  initial  model. 

With  up  to  seven  exogenous  variables  in  one  equation  the  degrees  of 
freedom  are  below  ten,  if  one  uses  only  sixteen  observations.   Unless  the 


z2/ National  Commission  on  Food  Marketing,  op.  cit. .  Table  7-31,  p.  203. 

his./  . 

fational  Commission  on  Food  Marketing,   op.   cit. ,   p.   31. 


numoer  oi  ooservations  is  increased  one  cannon  expeci,  to  get  gooc.  statis- 
tical results,  even  if  this  revised  model  would  include  all  of  the  relevant 
variables. 
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CHAPTER  IV 
SUHtlARY  AND  CONCLUSIONS 

The  tor:.:. to  processing  industry  has  been  experiencing  tremendous  struc- 
tural changes  during  the  postwar  period.   On  the  one  hand  these  structural 
changes  are  due  to  a  change  in  the  living  and  eating  pattern  of  the  popu- 
lation and,  on  the  other  hand,  to  technological  improvements  which  occurred 
at  the  farm  as  well  as  at  the  processing  level. 

.:.  3  tomato  processing  industry  is  characterized,  with  the  exception  of 
the  South  East,  by  widespread  grower-processor  integration  consisting  in  for- 
ward buying  of  the  crop.  It  is  hypothesized  that  this  integration  leads  to 
a  strong  interdependence  between  the  ravr  product  market  and  the  retail  mar- 
ket. The  purpose  of  this  study  is  to  analyze  in  which  fashion  the  consumer 
demand  is  translated  back  to  the  farm  level  and  to  evaluate  the  magnitudes 
of  the  different  factors  so  as  to  derive  policy  implications  useful  to  both 
farmers  and  processors. 

An  economic  model  was  developed  which  attempted  to  reflect  the  economic 
relationships  at  work  in  the  markets  under  investigation.   Three  structural 
equations  specified  these  forces  in  the  raw  product  market  and  a  demand  and 
supply  equation  were  specified  for  the  retail  market  of  processed  tomato 
products.   In  order  to  test  the  hypothesis  of  whether  these  two  markets  are 
interrelated  or  not,  the  initial  model  assumed  simultaneous  ce termination  of 
the  dependent  variables  of  all  structural  equations  whereas  under  the  alter- 
native hypothesis  the  dependent  variables  were  assumed  to  be  simultaneously 
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determined  only  by  the  structural  equations  describing  the  raw  product  mar- 
ket and  the  retail  market  respectively. 

Since  no  data  were  available  for  the  contract  prices  offered  to  farmers 
and  since  retail  prices  arc  only  reported  for  canned  whole  tomatoes,  the 
model  had  ^o  be  reformulated  using  farm  prices  as  a  proxy  variable  for  con- 
tract prices,  and  some  variables  had  to  be  redefined  somewhat  in  order  to 
make  the  model  operational. 

The  revised  model  describes  the  demand  for  processing  tomatoes  as  a 
function  of  the  retail  price  for  canned  tomatoes  lagged  one  year  and  of  the 
January  stocks  of  this  commodity.  The  demand  for  processing  tomatoes  is 
reflected  by  the  contract  price  offered  to  farmers.  It  had  to  be  approxi- 
mated by  the  price  received  by  farmers. 

The  supply  of  processing  tomatoes  is  expressed  as  a  function  cf  the 
contract  price  and  of  the  average  yield  per  acre,  a  variable  reflecting 
structural  changes  in  the  production  methods  of  tomatoes.  The  farm  price 
for  fresh  tomatoes  lagged  one  year  was  also  included  in  order  to  test  whether 
fresh  tomatoes  are  a  substitute  crop  for  processing  tomatoes  at  the  farm 
level. 

At  the  retail  level  the  supply  of  canned  whole  tomatoes  was  expressed 
in  terms  of  its  retail  price,  which  is  believed  to  be  a  function  of  the 
quantity  of  processing  tomatoes  produced,  of  the  carryover  stocks  and  of  a 
trend  variable  accounting  for  cost  reducing  improvements  in  processing. 
Finally  per  capita  demand  of  canned  tomatoes  is  specified  as  a  function  of 
the  retail  price  of  canned  whole  tomatoes,  the  price  of  fresh  tomatoes  and 
per  capita  disposable  income. 

This  model  rests  on  the  assumption  of  perfect  competition  in  the  markets 
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we  arc  concerned  with  and  assumes  furthermore  that  domestic  civilian  con- 
bion  is  the  major  source  of  demand.  The  first  assumption  can  be  con- 
sidered as  being  consistent  wi  e  real  world  situation  whereas  the  second 
ens  is  probably  not  justified, 

'.  ince  all  structural  equations  are  overidentified  the  two  stage  least 
square  method  was  used  to  estimate  the  coefficients  of  the  explanatory  vari- 
ables . 

Ihe  statistical  results  of  the  analysis  were  poor  since  lack  of  time 
prevented  additional  computation.  However,  the  results  seem  to  support  the 
hypothesis  that  one  raw  and  the  finished  product  market  are  interrelated; 
better  fits  were  obtained  by  using  the  initial  model. 

The  variables  explaining  the  demand  for  processing  tomatoes  showed  the 
wrong  signs.  Using  undeflated  prices  and  relative  stock  figures  this  result 
could  probably  be  improved.  All  the  coefficients  of  the  supply  equation  of 
processing  tomatoes  had  the  right  sign;  the  coefficient  of  the  average  yield 
per  acre  being  almost  significantly  different  from  zero;  the  other  variables 
in  this  equation  were  not. 

A  10  per  cent  increase  in  the  carryover  stocks  of  canned  tomatoes  brings 
about  a  0,5  per  cent  decrease  in  the  retail  price  of  this  product,  whereas  a 
10  per  cent  increase  in  trend  brings  about  an  almost  significant  increase  in 
the  retail  price  of  0.7  per  cent  or  of  approximately  0,5  per  cent  a  year, 
other  things  being  equal.  It  is  possible  that  this  reflects  the  consumer's 
willingness  to  pay  higher  prices  for  the  same  product  as  their  income  increase, 
since  trend  is  highly  correlated  with  per  capita  disposable  income.   The 
coefficient  relating  the  supply  of  processing  tomatoes  to  the  retail  price 
is  not  significantly  different  from  zero. 
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Finallyi  in  the  demand  equation  for  canned  whole  tomatoes  the  price 
elasticity  is  positive.  Even  though  it  is  not  significantly  different  from, 
aero  its  value  being  close  to  aero  indicates  a  very  inelastic  demand.  The 
cross  elasticity  of  demand  shows  a  negative  sign  indicating  that  canned 
whole  tomatoes  may  be  a  complement  to  fresh  tomatoes.  Per  capita  disposable 
income  has  virtually  no  effect  on  consumption. 

These  results  and  the  ones  obtained  from  the  estimation  of  the  reduced 
form  equations  suggest: 

(1)  That  per  capita  disposable  income  may  be  a  factor  influencing 
the  contract  price  due  to  the  fact  that  processors  may  believe 
per  capita  disposable  income  to  be  a  determining  factor  of  the 
consumption  of  canned  tomatoes. 

(2)  With  increasing  incomes  consumers  may  be  willing  to  pay  higher 
real  retail  prices  for  the  same  tomato  product. 

(3)  There  exists  a  very  loir  price  elasticity  of  demand  for  canned 
v:hoie  tomatoes. 

These  conclusions  are  valid,  of  course,  only  for  the  time  period  under  inves- 
tigation. 
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tomato  processing  industry  lias  been  experiencing  tremendous 
structural  changes  during  the  postwar  period.  On  the  one  hand  these  struc-  • 
tural  changes  are  due  to  a  change  in  the  living  and  eating  pattern  of  the 
population  and,  on  the  other  hand,  to  technological  improvements  which 

occurred  at  the  farm  as  well  as  at  the  processing  level. 

The  tomato  processing  industry  is  characterized,  with  the  exception  of 
the  South  East,  by  widespread  grower-processor  integration  consisting  in 
forward  buying  of  the  crop.  It  is  hypothesized  that  this  integration  leads 
"co  a  strong  interdependence  between  the  raw  product  market  and  the  retail 

it.  The  purpose  of  this  study  is  to  analyze  in  which  fashion  the  con- 
sumer demand  is  translated  back  to  the  farm  level  and  to  evaluate  the  magni- 
tudes of  the  different  factors  so  as  to  derive  policy  implications  useful  to 
both  farmers  and  processors. 

An  economic  model  was  developed  which  attempted  to  reflect  the  economic 
relationships  at  work  in  the  markets  under  investigation.  Three  structural 
equations  specified  these  forces  in  the  raw  product  market  and  a  demand  and 
supply  equation  were  specified  for  the  retail  market  of  processed  tomato 
products.  In  order  to  test  the  hypothesis  of  whether  these  "two  markets  are 
interrelated  or  not,  the  initial  model  assumed  simultaneous  determination  of 
the  dependent  variables  of  all  structural  equations  whereas  under  the  alter- 
native hypothesis  the  dependent  variables  were  assumed  to  be  simultaneously 
determined  only  by  the  structural  equations  describing  the  raw  product  and 
the  recall  market  separately. 

Among  others,  the  two  models  rest  on  the  assumption  of  perfect  competi- 
tion in  the  markets  we  are  concerned  with  and  assumes  furthermore  that 
domestic  civilian  consumption  is  the  major  source  of  demand.   The  first 


assumption  can  oe  considered  as  being  consistent  wich  the  real  world  situ- 
ation whereas  the  second  one  is  probably  not  justified. 

Since  no  data  were  available  for  the  contract  prices  offered  to  farmers 
and  since  retail  prices  are  only  reported  for  canned  whole  tomatoes,  the 
models  had  to  be  reformulated  using  farm  prices  as  a  proxy  variable  for  con- 
tract prices,  and  some  variables  had  to  be  redefined  in  order  to  make  the 
models  operational . 

In  both  inodels  all  structural  equations  are  overidentified  so  that  the 
two  stage  least  square  method  had  to  be  used  to  estimate  the  coefficients  of 
the  explanatory  variables. 

The  statistical  results  of  the  analysis  were  poor  since  lack  of  time 
prevented  additional  computations.  However,  the  results  seem  to  support  the 
hypothesis  that  the  raw  and  the  finished  product  market  are  interrelated; 
better  fits  were  obtained  by  using  the  initial  model.  Moreover  the  results 
obtained  suggest  that  for  the  time  period  covered  hy   the  present  analysis: 

(1)  The  per  capita  disposable  income  may  be  a  factor  influencing 
the  contract  price  due  to  the  fact  that  processors  may  believe 
per  capita  disposable  income  to  be  a  determining  factor  of  the 
consumption  of  canned  tomatoes. 

(2)  ..it;-,  increasing  incomes  consumers  may  be  willing  to  pay  higher 
real  retail  prices  for  the  same  tomato  product. 

(3)  There  exists  a  very  low  elasticity  of  demand  for  canned  whole 
uomatoes. 


